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PREFACE

This report is one in a series of reports issued by the State
Water Resources control Board on industrial and aqricultural
chemicals. These reports deal with priority chemicals of
concern to water gquality and the protection of beneficial uses
of water in California. In February 1982, the State Board
jnitiated an Tndustrial Chemicals program pased on the premise
that the production and use of chemicals should not occur at
the expense of water quality protection.

Chemicals are of inestimable value to society, and most are
considered relatively safe under normal conditions of use.
There are sone chemicals whose environmental and health
effects have been proven harmful. The possibility that toxic
chemicals in the environment can cause cancer in humans and
severely impair the health of wildlife has led to increased
action by government to foster the safe use and disposal of
these chemicals.

The chronic effects of persistent chemicals (e.g., impaired
growth and reproduction) may be more devastating in the long
run than immediately apparent effects, such as fish kills.
Preventative measures are jnvariably less costly to society
than corrective actions required after toxic chemical
pollution has occurred.

Some current chemical use and disposal practices may have an
adverse impact on water quality. These activities can usually
be modified to minimize adverse environmental effects. Where
existing or potential water quality problems have been identi-
fied, the State Board will recommend appropriate measures to
correct or prevent such adverse impacts.



CDD
MonoCDD
DiCDD
TriCDD
TetraCDD
PentaCDD
HexaCDD
HeptaCDD
OctacDD
CDF

MonoCDF
DiCDF
TriCDF
TetraCDF
PentaCDF
HexaCDF
HeptaCDF
OctaCDF

PCP
TetraCP
TriCP
NaPCP
K-tetraCP
2,4-D
2,4,5-T
BAP

CCA
DMEBA
3MC
PCB(s)
PCDE
TPA

AAT
ADT
AHH
AWQC
CERCLA

CSF
CWA
FIFRA

GC
GC-MS
HPLC
LOEL
MFO
MS

LIST OF ABBREVIATIONS

Chemicals

Chlorinated dibenzo-p-dioxin
Monochlorodibenzo-p-dioxin
Dichlorodibenzo-p-dioxin
Trichlorodibenzo-p-dioxin
Tetrachlorodibenzo-p~dioxin
Pentachlorodibenzo~p-dioxin
Hexachlorodibenzo-p-dioxin
Heptachlorodibenzo-p~dioxin
Octachlorodibenzo-p~dioxin
Chlorinated dibenzofuran

Monochlorodibenzofuran
Dichlorodibenzofuran
Trichlorodibenzofuran
Tetrachlorodibenzofuran
Pentachlorodibenzofuran
Hexachlorodibenzofuran
Heptachlorodibenzofuran
Cctachlorodibenzofuran

Pentachlorophenol
Tetrachlorophenol

Trichlorophenol

Sodium pentachlorophenate
Potassium tetrachlorophenate
2,4-Dichlorophenoxyacetic acid
2,4,5-Trichlorophenoxyacetic acid
Benzo(a)pyrene

Chromated copper arsenate
7,12-Dimethylbenz (a)anthracene
3-Methylcholanthrene
Polychlorinated biphenyl (s)
Polychlorinated diphenyl ether
12-0-Tetradecanoylphorbol-13~-acetate

Terms

Applied Action Level

Acceptable daily intake

Aryl hydrocarbon hydroxylase

Ambient water quality criteria

Comprehensive Environmental Response, Compensation,

and Liability Act (Superfund)

Confidential statements of formula

Clean Water Act

Federal Insecticide, Fungicide, and
Rodenticide Act

Gas chromatography

Gas chromatography-Mass Spectroscopy

High performance liquid chromatography

Lowest observed effect level

Mixed function oxidase

Mass spectroscopy
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GLOSSARY

Most terms defined in the glossary are specific to usage in this
report.

acute toxicity--involving a stimulus severe enough to rapidly
induce an adverse response; in toxicity tests, a response
observed in 96 hours or less is typically considered acute.
Acute toxicity is most often reported in terms of lethality (e.g.
LC50), but various other adverse effects may be measured (e.qg.
EC50) .

adenoma--a benign neoplasm of glandular epithelial tissue.

adipose tissue--tissue in which fat is stored.

adsorb--the assimilation of gas, vapor, or dissolved matter onto
a solid surface.

Ah receptor(aryl hydrocarbon receptor)--a soluble protein in the
cell cytoplasm capable of binding an aromatic hydrocarbon
molecule and inducing synthesis of gene products of the Ah locus.

Ah locus--gene complex responsible for the synthesis of aryl
hydrocarbon hydroxylase (AHH) and several other enzymes,

aliphatic--a term applied to the "open chain" or fatty series of
hydrocarbons; non-ring organic compounds.

alopecia--baldness;absence of hair from skin areas where it
normally is present.

antigen--a substance capable of inducing the formation of
antibodies in the blocd.

Arcclor--trade name for a group of polychlorinated biphenyls;
e.g. Aroclor 1242 indicates 12 carbon atoms and 42% chlorine by
weight.

benign--not malignant; a benign tumor will not metastasize, a
malignant tumor will. -

bile--a fluid secreted by the liver that aids in digestion.

bilirubin--a reddish, yellow pigment in bile derived from
hemoglobin during red blood cell (RBC) destruction.

-15-
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choline kinase-—an enzyme that transfers a high energy group,
such as phosphate, to choline, an amino alcohol and a member of
the vitamin B complex.

chromatid--one of a pair of "sister" chromatids, identical
connected nucleoprotein strands, products of replication of the
parent chromosome, that are joined at the centromere and
separate during cell division, each becoming a chromosome of one
of the two daughter cells.

chronic toxicity~-toxic effects from a prolonged exposure of an
organism to sublethal amounts of a toxic substance, often one-
tenth of the life span or more.

clean-up--laboratory purification of a sample before further
analysis.

coelute--simultaneous desorption of two or more analytes from an
analytical column such that they are not separated at the
detector.

comedo (comedones~-plural) --a plug in an excretory duct of the
skin, containing microorganisms and keratin; also called a
blackhead.

congener--refers to any one particular compound of the same
chemical family; e.g. there are 75 congeners of chlorinated
dibenzo-p-dioxin.

conjugate--a biochemical reaction product combining a foreign or
natural compound or its metabolite with an endogenous
carbohydrate, protein, or sulfur derivative.

cytochromes--any of a class of hemoproteins whose principal
biological fuction is electron transport.

cytoplasm--the protoplasm (viscous, collodial semifluid) of a
cell exclusive of the nucleus.

depurate--to be removed or reduced in concentration in a medium
over time, as the result of a metabolic or physical process.

desorption--removal of a substance from an adsorbed state by
physical or chemical process.

EC 50 (effective concentration)--the concentration of a substance

in food and water at which 50% of the organisms treated exhibit
the measured effect.

-17-
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gavage--feeding through a tube passed through the mouth into the
stomach.

gene~--the biological unit of heredity. A functional segment of
DNA on a chromosome which codes and regulates production of one
or more specific proteins.

genotoxicity~-the effect of a substance that interacts with and
alters DNA or RNA; when the DNA or RNA is replicated the
alteration is carried on.

dlucuronide--any compound containing glucuronic acid which is a
tetrahydroxy-aldehyde acid.

glutathion-s-transferase--a family of enzymes that catalyzes
glutathion conjugation.

gravid--pregnant;containing developing young.

half-life--the time in which the concentration of a substance
will be reduced to one-half of its initial value through
degradation or elimination from the medium.
hematologic--pertaining to blood.

hemoprotein--a conjugated protein containing heme as the
prosthetic group, e.g. hemoglobin.

hepatic--pertaining to the liver.

humoral immunity--aquired immunity in which the role of
circulating antibodies (immunoglobulins) is predominant.

hyperpigmentation--abnormally increased pigmentation.

hvperplasia--an abnormal increase in the size of a tissue or
organ due to an increase in the number of normal cells.

ID. .—-(immunological dose) a dose producing 50 percent
suggression of the immune systemn.

immunoglobulin--an antibody synthesized by special lymphocytes
(plasma cells) in response to the introduction of an antigen.

immunosuppression--the artificial inhibition of the immune
system.

immunotoxic--quality of a substance which interferes with the
immune system.
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liquid column chromatography--an analytical procedure where a
sample or sample extract is passed through a column containing an
absorbent which selectively entrains the analyte(s) of interest
for later analysis.

log K_--logarithm of the partition coefficient between octanol
and wafer for a given substance.

lymphoma--a general term applied to any neoplastic disorder of
the lymphoid tissue.

mMRNA (messenger ribonucleic acid)--a form of RNA in living cells
that is responsible for carrying the genetic code transcribed
from DNA to specialized sites within the cells for the synthesis
of polypeptides.

malignant--an abnormal growth that tends to spread to other
sites.

mass:charge ratio--in mass spectroscopy, the ratio of the mass of
a fragment ion to its electronic charge.

mass spectrometer--an analytical instrument in which an analyte
molecule is fragmented to produce a pattern of ions which is used
for either identification or quantification.

maxilla--the iregularly shaped bone, composed of two maxillae
joined together to form the upper jaw.

metabolite--any chemical substance produced by metabolism or by a
metabolic process, e.g. breakdown products from biochemical
reactions.

mexacarbamate--a carbamate pesticide.

micro—(u)--indigates one-millionth (10_6); for example, thgre are
one million (10°) micrograms in a gram, or one billion (107)
micrograms in a kilogram.

microbial degradation--the breakdown of compounds by microscopic
organisms.

milli-(m)—-indicates3one-thousandth (10—3): for example, there,
are one thousand (10°) milligrams in a gram or one million (10")
milligrams in a kilogram.

mixed function oxidases (MFO)--enzyme systems found predominantly

in the endoplasmic reticulum of the liver which have a form of
cytochrome P-450 as the terminal oxidase.
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peri position--chlorines in the 1,4,6,& 9 position on a CDD or
CDF molecule.

photodegradation--chemical decomposition induced by light.

photolysis--chemical reaction invelving bond-cleavage produced by
exposure to light or ultraviolet radiation (adjective:
photolytic).

photosensitize--to make an organism or chemical sensitive to
light.

pico-(p)--indicates one-tril%ionth (10—12): for example, there
are ocne million.million (10 °) picograms in a gram, or ocne
quadrillion (1077) picograms in a kilogram.

pleiotrophic gene--a gene that affects a number of different
characteristics in a given individual.

porphyria--any of a group of disturbances of porphyrin metabolism
characterized by marked increase in the formation and excretion
of porphyrin precursors.

porphyrin--any one of a group of iron-free or magnesium-free
cyclic tetrapyrrole derivatives which occur universally in the
protoplasm.

predioxins--chlorinated 2-phenoxyphencls.

promoter--a substance which is not directly carcinogenic, but
enhances effect of carcinogenic agents.

Salmonella typhimurjum~-a bacterial species used in mutagenicity
tests.

sarcoma--a malignant neoplasm derived from connective tissue.
serum-~-blood plasma minus its clotting proteins.

sister chromatid exchange(SCE)--an exchange at one locus between
the sister chromatids which does not result in an alteration of
overall chromosome morphology.

sludge--the semiliquid precipitate of waste treatment processes,
or settled residue in tanks or ponds used for chemical treatment,

e.g. material found in lumber dip tanks at wood treatment
facilities.
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NOAEL
NOEL
NSPS
PSES
RCRA
SNARL
STLC
TEF
TTLC

Ppm
ppb
ppt
ppd
g/1
mg/1
ug/1
ng/1
pg/ml

ug/mg
pg/m
g/kg
mg/kg
ug/kg
pg9/g

No observed adverse effect level

No observed effect level

New source performance standards
Pretreatment standards for existing sources
Resource Conservation and Recovery Act
Suggested no adverse response level

Soluble threshold 1limit concentration
Toxic equivalency factor

Total threshold limit concentration

Units

parts per million

parts per billion

parts per trillion

parts per quadrillion

gram per liter

milligram (10__6 grams) per liter (equal to ppm)
microgram (199 grams) per liter (equal to ppb)
nanogram (10_1zgrams) per liter (equal to ppt)

picogram (10 grams) per milliliter (equal
to ppt) .

microgram (10 grams) per cubic meter

picogram (10 grams} per cubic meter

gram per kilogram (equal to parts per thousand)
milligram per kilogram (equal to ppm)
microgram peglgilogram (equal to ppb)

picogram (10 grams) per gram (equal to ppt)

Government Agencies, Groups, and Private Industries

CAC
CARB
CAG

CcDC
CDWG
CDHS
CVRWQCB
DWR
U.S. EPA
FDA
IARC
NAS

NCI
NIOSH
NRCC
NTP

SCE
USFWS
WHO

AN AV V

California Administrative Code

Calif. Air Resources Board

Carcinogen Assessment Group (U.S. EPA)

Center for Disease Control

Chlorinated Dioxin Work Group (U.S. EPA)

Calif. Department of Health Services

Central Valley Regional Water Quality Control Board
Calif. Department of Water Resources

United States Environmental Protection Agency
United States Food and Drug Administration
International Agency for Research of Cancer
National Academy of Science

National Cancer Institute

National Institute for Occupation Safety and Health
National Research Council of Canada

National Toxicology Program

Southern California Edison

United States Fish and Wildlife Service

World Health Organization

Symbols
greater than

greater than or equal to
less than
less than or equal to
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ultraviolet (UV) spectroscopy--an analytical method that utilizes
the fact that the amount of ultraviolet light absorbed by an
analyte is a function of its concentration in solution.

uptake--absorption and incorporation of a substance by living
tissue.

vehicle--the substance in which a compound is dissolved or mixed
prior to dosing an animal with that compound.

wasting--gradual loss, decay, or diminution of bulk.
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bicaccumulation-~-uptake, concentration, and retention of
substances by an organism from its surrounding medium and fron
food.

biocassay--a test used to evaluate the relative potency of a
substance by comparing its effect on a living organism with the
effect of a standard preparation on the same type of organism.

bioavailabilitv--the degree to which a drug or other substance is
available to the target tissue after administration or to
organisms in the environment.

bioconcentration~~uptake and concentration of a substance from
the surrounding medium through gill membranes or epithelial
tissue.

bioconcentraion factor(BCF)--in standard tests, the ratio at
equilibrium of the concentraion of a substance in the tissue of a

test organism to its concentration in the surrounding medium. BCF
is substance- and species-specific.

biotransformation-~the series of chemical alterations of a
compound which occur within an organism by enzymatic activity
(sometimes causing the resulting compound to be more toxic,
sometimes less.)

capillary column--a long open tube of small diameter having the
inside wall coated with a thin film of stationary phase; used in
gas chromatography for the separation of closely spaced peaks.
carcinogen--a cancer-producing substance.

carcinoma--a malignhant growth derived from epithelial tissue and
tending to infiltrate the surrounding tissue.

catabolism--any destructive process by which complex compounds
are broken down into more simple substances.

caudal fins--tail fins of fish and aquatic mammals.

cell-mediated immunity--specific acquired immunity in which the
role of small lymphocytes of thymic origin is predominant: it is
responsible for resistance to infectious diseases caused by
certain bacteria and viruses.

chloracne--a skin lesion resembling acne caused by exposure to
chlorinated compounds.

-16-



EXECUTIVE SUMMARY

INTRODUCTION

In 1984, the State Board began a priority chemical investi-
gation of certain chemicals used for wood preservation at
California sawmills and wood treatment plants. Pentachloro-
phenol, one of the most widely used wood preservative
fungicides, was given special attention, as it is known to
contain highly toxic byproducts produced during its chemical
manufacture. These contaminants include chlorinated
dibenzodioxins (CDDs) and a related group of chemicals,
chlorinated dibenzofurans (CDFs). Chemical identification
of these substances is extremely difficult, in part because
there are so many of them (75 different CDDs and 135 possi-
ble CDFs). Only 15 of these 210 compounds (6 CDDs and

9 CDFs) are considered highly toxic. The most toxic
compound is commonly referred to as "dioxin" or 2,3,7,8-
tetrachlorodibenzodioxin. As "dioxin" has been studied most
extensively, much of what has been estimated about the other
CDDs and CDFs is based on knowledge of this compound.

The CDDs and CDFs have never been intentionally manufac-
tured. They are only produced as reference standards which
are required for chemical analysis. In addition, CDDs and
CDFs are known to occur as byproducts of chemical synthesis,
from electrical equipment fires, and from municipal solid
waste incinerators. The CDDs and CDFs have received wide-
spread media attention because of several incidents involv-
ing human exposures. These events include the use of the
herbicide Agent Orange in Vietnam, a chemical plant explo-
sion at Seveso, Italy, CDD-contaminated oil used for dust
control in Missouri, and CDF-contaminated rice oil poisoning
incidents in Japan and Taiwan.

The State Board study described in this report was designed
to determine which, if any, of the 15 most toxic CDDs and
CDFs were present at sawmills and wood treatment plants in
California. In order to perform the difficult chemical
analysis, split samples were sent to three laboratories in
the United States and Sweden. Several of the 15 most toxic
CDDs and CDFs were detected in samples of soil, sawmill
sludges and liquids, commercial pentachlorophencl formula-
tions, and crystals formed during wood pressure treatment.
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edema--the presence of abnormally large amounts of fluid in the
intercellular tissue spaces of the body.

embryotoxicity--stillbirth or in utero death during the embryonic
stage before the placenta is completely formed, which in humans
is approximately the first 8 weeks after conception.

endoplasmic reticulum--an ultra microscopic organelle of nearly
all cells of higher plants and animals consisting of a more or
less continuous system of membrane-bound cavities that ramify
throughout the cytoplasm of the cell.

enzyme induction--increased activity of the enzyme systems upon
exposure to chemicals.

epidemioclogical--relation of the various factors determining the
frequency and distribution of diseases within a given population.

epoxide--cyclic ethers; an atom of oxygen bound to two separate
carbons which are linked, forming a three-membered ring.

eutrophication--the natural process of aging of bodies of water
resulting in an increase in mineral and organic nutrients such as
nitrogen and phosphorus, and reduced levels of dissolved oxygen.
Eutrophic lakes may be characterized by algal or bacterial blooms
and diminished fish life.

extraction--separation and isolation of analytes from a sample
matrix, usually through the use of solvents.

femto-(f)--indicates one—quadrillignth (10_15): for example,
there are one milligg billion (107~) femtograms in a gram, or one
billion billion (10~°) femtograms in a kilogram.

fetotoxicity-~stillbirth or in-utero death during the fetal
(post-embryonic) stage.

fibrosarcoma-a malignant neoplasm derived from fibrous connective
tissue.

fractionation--a step in sample preparation for analysis which
separates the analytes contained in a sample into multiple
fractions which have similar physical and chemical properties.

frameshift mutation--addition or deletion of base pairs on the
DNA molecule. If the number of base pair changes is not a
multiple of three, the amino acid sequence of the proteins coded
after the mutation is drastically changed.
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AQUATIC TOXICOLOGY

In addition to toxic effects occurring at very low (parts
per trillion) concentrations, the most striking aspect about
the effect of "dioxin" on aquatic life is that toxic
reactions are not observed until 5 to over 100 days after
exposure. An amount as low as 5.6 parts per trillion has
been shown to be lethal to salmon with other toxic effects
cbserved as low as 0.1 parts per trillion. The CDDs and
CDFs also are bioconcentrated to a high degree in aquatic
organisms. The highest reported bioconcentration factor is
approximately 9,000 for both rainbow trout and mosquito
larvae. The most toxic CDDs and CDFs are also most
preferentially bicconcentrated.

As this report went to press, the State Board learned of new
toxicity and bioconcentration information obtained from a
recent chronic study. Published in January 1988, the study
examined the effects over a 56-day period of very low levels
of the most toxic CDD and most toxic CDF on rainbow trout.
Levels as low as 38 parts per quadrillion of the CDD had
significant adverse effects on survival and growth. CDF
levels as low as 0.9 parts per trillion reduced growth and

4 parts per trillion reduced survival. Bioconcentration
factors by rainbow trout also were higher than previously
reported: 39,000 for the CDD and 6,000 for the CDF.

MAMMALIAN TOXTCOI.OGY

Both CDDs and CDFs are absorbed and concentrated by humans
and laboratory animals. The half-life of the most toxic CDD
was over five years in a human volunteer, in contrast to
shorter half-lives (10 to 40 days) in laboratory animals.

The most toxic CDD is also extremely variable in lethality,
depending on animal species. For example, it takes
approximately 5,000 times as strong a